Abstract: Saturation spectra of the excitons confined and localized at several kinds of stacking disorders in layered crystal Bi13 are studied. The quasi-two dimensional exciton localized at the stacking fault interface does not saturate its absorption strength below the density of 105W/cm2 due to the large binding energy and the lateral center-of-mass motion along the interface. On the exciton system associated with some polytypic structures contained in a very small region, an obvious absorption saturation is observed. The behaviour of absorption saturation is well described by a saturation effect on a simplified two-level system having a homogeneous line broadening. An absorption saturation is also observed on the confined excitons in mesoscopic domains induced by the external deformation of the crystal. The pumping-laser photon-energy dependence of the saturation density characterizes this exciton system to be inhomogeneous.
spatially restricted exciton have been observed. Figure 1 shows the typi- linear interaction of these excitons with photon field was reported in terms of optical Stark effects on the exciton system in previous papers. [2] The nonlinear effect due to the interaction among the really excited excitons was also reported.i3] The external stress and/or bending on the crystal bring about broad absorption bands called W-band in the energy region lower than the SFE transitions.
['] The W-band has been ascribed to the transitions of excitons confined in mesoscopic domain structures induced by the external deformation in the crystals. The spectral profile of the W-band is caused by the size distribution of the mesoscopic domains. Near the indirect exciton transition energy, a sharp absorption line named P also appears depending on samples. The origin of the P-line has been assigned to the exciton associated with some polytypic structures contained in a very small region. [4] In this paper, a saturation spectroscopy under the intense laser excitation on these exciton systems in Bi13 crystal is performed. We will discuss the relation between the behaviour of the saturation effect and the spatially restricted effect on these excitons.
EXPERIMENTAL
High quality crystals of Bi13 were selected from the absorption measurements of these exciton tran-' sitions (SFE, P, and W). All measurements were performed at 4.2K and 2K. A dye laser (Rhodamine B and Rhodamine 640) pumped by a nitrogen laser was used. For measuring the excitation density dependence of the absorption spectra, we change the laser intensity in the range of 102 W 106W/cm2.
RESULTS AND DISCUSSION
Rand the P-line.
The absorption Figure 2 : Excitation density dependences of the absorp strength of the R-1ine not change tion strength of R-line and P-line. Ordinate denotes the below the excitation density of 1 X normalized absorption strength by the strength under the 105W/cm2. On the large Bohr-radius weak excitation limit.
The absorption for the pumping laser light on the SFE, the P-exciton Bi13 4.2K
excitons in GaAs materials, the saturations of the exciton absorption occur below the excitation density of 1 X 1 0 *~/ c m~.
[~] The excitons in Bi13 have large binding energy and small exciton Bohr radius contrary to the exciton in GaAs reflecting the cationic nature['] of bulk exciton. This nature suggests that it needs higher intensity of laser light to realize the exciton saturation contrary to the case in GaAs.
On the contrary, the P-line saturates its absorption strength above the excitation density of 2 X .103W/cm2 and fades out above the density of W 105W/cm2. For higher density excitation, a finite absorption remains. This component is due to a nonsaturable bxkground. The smallness of saturation density in the P-lines is considered to be due to the spatially restricted effect of the P-exciton. The SFE is considered to be exempted from the exciton saturation because of the degree of freedom due to the lateral center-of-motion along the stacking fault interface. This consideration is the absorption intensity due h to a nonsaturable background. Figure 3 shows the hw . % dependence of Is of the P-line. The saturation density C IS(hu) near the P-resonance has the minimum value e; of 1.1 X 104W/cm2 and increases with detuning laser .-5
frequency.
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Assuming the P-exciton state to be a simple t w e One obtains the hw dependence of Is(fiw) as:
The solid line in Fig.3 is the plot of Is(Aw) in Eq.(3) from the I : of 1.1 X 104W/crn2, where we take the values of R and I' to the values without pumping neglecting the peak shift and lifetime broadening due to the interaction among the really excited excitons. The saturation density obtained from Eq. (3) takes the minimum value at W = 0 and increases with increasing the detuning frequency. This plot well reproduces the experimental results. Thus we can evaluate the excitation-density dependence of the absorption strength f plotted in Fig.2 . From Eq. (2), we obtain f (I) using the 10s as follows:
The calculated f ( I ) is shown in Fig.2 by using the above value for I:, where a nonsaturable background is taken into account. The calculation well reproduces the experimental plots.
An absorption saturation is also observed in the W-band. Figure 4 shows the hw dependence of the saturation density Is of the W-band. Contrary to the P-line, the value of Is(hw) increases monotonously with increasing hw. As mentioned in introduction, the W-band has been ascribed to the excitons confined in mesoscopic domains of various size in the crystal. The size-distribution gives the inhomogeneous width.
The absorption coefficient a ( I , hw) for the pumping laser is given as a following form in the case of an explicit inhomogeneous system: [6] monotonous decrease of Is(hw) for decreasing hw. W-band, the lower lying states comes from the exciton confined in larger mesoscopic domains. The experimental plots in Fig.4 show that the saturation density decreases with increasing the mesoscopic domain size. Knowing the the domain size dependence of the absorption cross-section and the size distribution of the mesoscopic domains, we will make clear the confined effect on the nonlinear optical response of the W-excitons. A saturation-spectroscopy study on the excitons confined and localized at several kinds of stacking disorders in layered crystal is made. The SFE excitons do not saturate their absorption strengths due to their large binding energy and the lateral center-of-motion along the stacking fault interface. The behaviour of absorption saturation in the P-line is well described by a saturation effect on a simplified two-level system having a homogeneous line broadening. The hw dependence of the Is in the W-band is considered to be due to the energy relaxation among the inhomogeneouslly broadened exciton states and due to the mesoscopic domain size dependence of the saturation density. 
